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Abstract
Objective—This study had two objectives: first, to determine the degree to which experiences of 
victimization by peers during adolescence led to a subsequent rise in depressive symptoms; 
second, to identify genetic markers that predict depressive reactivity to victimization.
Method—We used a cohort sequential design to obtain a longitudinal sample of 1,475 
adolescents (3,263 observations) in grades 8 to 12 (56% female; 47% Black, 46% White). 
Multilevel growth curve models were used to assess whether victimization predicted depressive 
symptoms six months later, beyond baseline trajectories for depressive symptoms. We modeled 
the interactive effects of peer victimization with three genetic polymorphisms (on 5-HTTLPR, 
DRD2 TaqIA, and BDNF Val66Met) on depressive symptoms.
Results—While victimization predicted subsequent depressive symptoms, there was substantial 
heterogeneity in the magnitude of the effect of victimization. Val alleles, associated with higher 
brain-derived neurotrophic factor (BDNF) functioning, predicted more sensitivity to victimization. 
Neither DRD2 TaqIA, a marker associated with dopaminergic functioning, nor 5-HTTLPR, a 
marker associated with serotonin activity, was associated with sensitivity to victimization.
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Conclusions—The social stress of peer victimization triggers depressive symptoms most 
strongly in individuals who are homozygous for the Val allele on the BDNF Val/Met 
polymorphism. This polymorphism has been linked with sensitivity to social defeat in animal 
models. Future research should explore behavioral, cognitive, and emotional explanations of the 
effects of BDNF Val/Met on responsivity to victimization.
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Victimization by peers has been linked with depressive symptoms in school-aged children 
and adolescents. However, individuals differ in severity of depressive symptoms following 
victimization. This study examined three genetic polymorphisms to determine whether they 
interacted with peer victimization to predict subsequent depressive symptoms. The 
polymorphisms studied were: (a) the 43 base pair (bp)insertion/deletion polymorphism (5-
HTTLPR; rs25531) in the promoter region of the serotonin transporter gene; (b) the 
glutamate-to-lysine single nucleotide polymorphism (SNP) rs1800497 (DRD2 TaqIA) 
associated with the dopamine D2 receptor (actually located in the adjacent ANKK1 gene); 
and (c) the valine-to-methionine insertion at codon 66 in the BDNF gene, rs6265 
(Val66Met).
Heterogeneity in Level of Depressive Symptoms Following Peer 
Victimization
Peer victimization includes physical victimization (characterized by overt acts of physical 
aggression that may cause pain or bodily harm), verbal bullying (such as name-calling), and 
relational victimization (characterized by aggressive acts intended to harm an individual’s 
social standing or relationships; Crick, 1996). Cross-sectional studies consistently show that 
victimization by peers during childhood and adolescence is associated with depressive 
symptoms, at least for some individuals (Hawker & Boulton, 2000).Prospective studies of 
the effects of victimization during early adolescence have also found that victimization was 
associated with subsequent depressive symptoms (Copeland, Wolke, Angold, & Costello, 
2013; McLaughlin, Hatzenbuehler, & Hilt, 2009; Vernberg, Abwender, Ewell, & Beery, 
1992). And studies investigating the effects of peer victimization in older adolescence have 
found that victimization predicted subsequent depressive symptoms (Foshee, Reyes, 
Gottfredson, Chang, & Ennett, 2013; Prinstein, Cheah, & Guyer; 2005).
However, individuals do not have equal depressive reactions to victimization (Hankin, 
2012). Gottfredson (1989) reported that some, but not all, individuals developed severe or 
prolonged depressive symptoms following severe victimization, and Foshee et al. (2013) 
detected significant inter-individual variation in depressive symptoms following 
psychological victimization among adolescents.
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Genetic Markers Hypothesized to Predict Depressive Reactivity to 
Victimization
Previous studies have implicated the short-allele of the 5-HTTLPR polymorphism, the Val 
allele on the BDNF Val66Met polymorphism, and the A2 allele on the DRD2 TaqIA 
polymorphism to cognitive response and emotion regulation following stressors. One of 
these polymorphisms, the BDNF Val66Met polymorphism, has been implicated in 
depressive symptoms following social defeat with animal models that may be equivalent to 
peer victimization.
In studies of gene-by-environment interactions, contextual triggering occurs when “the 
genotype and/or context [may each] have an additive effect on the likelihood or intensity of 
the phenotype, but their combination significantly, additionally influences the manifestation 
of the phenotype,” and “social context may trigger specific genetic expressions through 
stress processes” (Shanahan & Hofer, 2005, p. 66). Consistent with the contextual triggering 
mechanism described by Shanahan and Hofer (2005), peer victimization may trigger 
differential expression of depressive phenotypes for polymorphisms on 5-HTTLPR, BDNF 
Val66Met, and DRD2 TaqIA. A stressful peer context, i.e., the experience of peer 
victimization, may thus trigger higher levels of depressive symptoms among those carrying 
alleles associated with greater risk(Shanahan & Hofer, 2005). We view peer victimization as 
having both a direct effect on depressive symptoms, as well as being a contextual trigger for 
the differential expression of depressive genotypes. Thus, whereas victimization may be 
associated with higher levels of depressive symptoms for adolescents in general, the effects 
of victimization will be strongest for those with riskier genotypes.
Serotonergic Activity
Individual differences in serotonin activity are influenced in part by genetic variation in a 
polymorphism residing on the serotonin transporter gene (SLC6A4, 5-HTT). The 5-HTTLPR 
polymorphism is in the promoter region of the serotonin transporter gene. The long (l) allele 
of the polymorphism results in greater transcription of the serotonin transporter gene than 
the short (s) allele, and therefore greater response to serotonin present in the synapse. The s 
allele has been associated with less transcriptional efficiency. Individuals with mores alleles 
are known to have more depressive symptoms (Pezawas et al., 2005).
Caspi et al. (2003) found that the 5-HTTLPR polymorphism interacted with life stress to 
predict higher risk for depression symptoms in a sample that spanned childhood, 
adolescence, and young adulthood. This finding has been contested in some meta-analyses 
(Munafo, Durrant, Lewis, & Flynt, 2009; Risch, Herrell, Merikangas, et al., 2009), but it has 
been supported in the most recent and largest meta-analysis (Karg, Burmeister, Shedden, & 
Sen, 2011). Further, Gyurak et al. (2012) found that, when tested experimentally, individuals 
with two s alleles of the serotonin transporter polymorphism were more emotionally reactive 
to both pleasant and aversive stimuli than individuals with a long allele.
Two studies have investigated the role of the serotonin transporter gene in the relationship 
between victimization and depressive symptoms. Sugden et al. (2010) found that children 
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who were carriers of two s serotonin transporter alleles and who were bullied by their peers 
were at greatest risk for developing emotional problems at age 12 than those with fewer s 
alleles. Benjet, Thompson, and Gotlib (2010), found that 5-HTTLPR interacted with 
relational peer victimization to predict concurrent depressive symptoms, but only for 
females.
Dopaminergic Activity
Dunlop and Nemeroff (2007) and Nestler and Carlezon (2006) have described a mechanism 
involving dopamine systems in the etiology of depression when individuals with higher 
genetic risk are exposed to chronic stressors. Both groups of authors found that individuals 
with the highest sensitivity to reward, as measured by dopaminergic activity, were most 
susceptible to depression. Drawing upon animal models, Dunlop and Nemeroff (2007) 
suggested that chronic stressors lead to low motivation and learned helplessness, two 
characteristics of depression.
The only study that has investigated the role of dopamine-related markers in the association 
between victimization and depressive symptoms in humans was conducted by Vaske, 
Makarios, Boisvert, Beaver, and Wright (2009). These authors found no support for an 
interaction between DRD2 TaqIA and violent victimization in their total sample, but they 
found that for African American females, the low activity A1 allele predicted greater risk for 
depression following victimization. This finding is in the opposite direction of what we 
hypothesize: we consider the A2 allele to confer risk because it is linked with more reward 
sensitivity. This discrepancy is reflective of a larger divide in the field: some researchers 
link the lower activity allele (A1)on this particular polymorphism with greater 
environmental sensitivity (Belsky & Beaver, 2011); others link the higher activity allele 
(A2) with greater environmental sensitivity (Nikolova, Ferrell, Manuck, & Hariri, 2011).
BDNF Activity
BDNF regulates the formation and plasticity of neural structures involved in emotion 
regulation (Elzinga, Molendijk, Oude Voshaar, et al., 2011). The most commonly examined 
polymorphism in the BDNF gene is the Val66Met (rs6265) polymorphism, with the Val 
allele considered the high activity allele (Egan, Kojima, Callicott, et al., 2003). BDNF is 
expressed in multiple areas of the brain, most notably in the hippocampus, the prefrontal 
cortex, and the nucleus accumbens (Martinowich, Manji, & Lu, 2007). BDNF has been 
linked to depression following a stressful event (Duman & Monteggia, 2006). According to 
Martinowich et al (2007), exposure to stress is linked with higher levels ofBDNF expression 
in the nucleus accumbens. In turn, the nucleus accumbens is associated with individual 
differences in reactivity to social stressors, and higher levels of BDNF in the nucleus 
accumbens have been linked with higher rates of depressive symptoms (Coppens, 
Siripornmongcolchai, Wibrand, et al, 2011).
The function of BDNF appears to differ across development stages. Coppens et al (2011) 
suggested that because adolescence is a period during which the neuronal circuitry 
corresponding to stress reactivity undergoes reorganization, BDNF plays a more prominent 
role in the adolescent stress response than it does in the adult stress response. Indeed, 
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Coppens and colleagues found that socially defeated rats had higher levels of BDNF 
expression during adolescence, but not during adulthood.
Study Hypotheses
1. Victimization by peers will predict higher levels of depressive symptoms six months later, 
controlling for an individual’s latent depressive trajectory. However, we predict that there 
will be substantial individual variation with respect to degree of sensitivity to peer 
victimization.
2. In line with Shanahan and Hofer’s (2005) contextual triggering model, exposure to peer 
victimization will trigger subsequent depressive symptoms differently, depending on allelic 
polymorphisms in 5-HTTPLPR, BDNF Val66Met, and DRD2 TaqIA. Adolescents with 
more short alleles on the 5-HTTPLPR polymorphism, those with more Val alleles on the 
Val66Met polymorphism, and those carrying more A2 alleles on the DRD2 TaqIA 
polymorphism will be particularly vulnerable to developing higher levels of depressive 
symptoms following victimization experiences.
Method
Study Design, Procedures, and Sample
Data for this manuscript were from the Genes in Context Study(NICHD R01-HD057222; PI 
Vangie A. Foshee). Biospecimens were collected for genotyping from young adults (ages 
19–25) who had participated as adolescents in a longitudinal study conducted in two rural 
county school systems in North Carolina (Context Linkages Study; NIDA R01-DA13459; PI 
Susan T. Ennett); this study examined contextual influences on adolescent health risk 
behaviors. Active parental consent and adolescent assent were required for adolescents to 
participate in the Context Linkages Study. Since all participants were over 18 when they 
were contacted about the Genes in Context Study, only the young adults’ assent was 
required for participation. All procedures for both studies were approved by the Institutional 
Review Board of the University of North Carolina at Chapel Hill.
The longitudinal Context Linkages Study used a cohort-sequential design with four waves of 
data collection in schools using self-administered questionnaires. The first wave, in Fall 
2003, included students in 8th, 9th, and 10th grades. The second wave, in Spring 2004, 
included students in 8th, 9th, and 10th grades, the third wave, in Fall 2004, included students 
in 9th, 10th, and 11th grades, and the fourth wave, in Fall 2005, included participants in 10th, 
11th, and 12th grades. The study population spanned mid-to-late adolescence because this is 
the developmental period when peer influence on mental health and behavioral outcomes 
increases and when heritability of depression increases (Silberg, Pickles, Rutter, et al., 1999; 
Spear, 2010). Response rates at each wave ranged from 73% to 77% of eligible adolescents.
Young adults who had participated as adolescents in at least one wave of data collection for 
the longitudinal study (N = 3,835) were later contacted via telephone and asked to collect 
either a saliva sample using an Oragene collection kit or a blood spot using a lancet, and 
return the sample to the study office by mail. Staff for the Genes in Context Study attempted 
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to locate Context Linkages participants using contact information from when participants 
were in high school, social media, and publically available contact information. Respondents 
were given $35 for a saliva sample and $50 for a blood spot. Of the 1,519 samples received, 
44 (3%)could not be genotyped, leaving a total of 1,475 samples for genotyping.
Of the 3,835 young adults who participated in the Context Linkages Study, 1,519 (40%) 
provided a biospecimen for genotyping; 241 (6%) agreed to provide a sample but did not, 
481 (13%) refused to provide a sample, 555 (14%) could not be located, and 1,039 (27%) 
were located but could not be contacted after several attempts. The low participation rate is 
partially attributable to the long lag between administration of the school-based surveys 
(2003 – 2005) and the request for genetic information (2010). Individuals who provided 
genetic material were more likely to be female (56% as compared to 50% in the longitudinal 
study; p< .001), less likely to be Black (47% as compared to 51% in the longitudinal study; 
p = .03), more likely to be White (46% versus 41% in the longitudinal study; p< .01), and 
more likely to have a parent who had graduated from high school (71% versus 67% in the 
longitudinal study; p = .01).There were no significant differences in household structure 
(single parent or two-parent: 10.8% single parent in the genetic sample versus 9.4% in the 
longitudinal study). Table 1 displays depressive symptoms and peer victimization rates for 
the full Context Linkages sample and for the subset that provided genetic data. Mean 
differences in levels of depressive symptoms were not significant at any grade level. The 
genetic sample reported slightly higher rates of victimization; differences in level of 
victimization in the two groups reached significance at some grade levels but not others.
Based on 2000 U.S. Census data, residents of the two study counties tended to be more 
disadvantaged than residents of North Carolina (N.C.) and the U.S. in terms of median 
income (study counties: $40,494; N.C.: $46,335; U.S.: $50,046), percent in poverty (study 
counties: 16%; N.C.: 12%; U.S. 12%), and percentage of adults without a high school 
diploma (study counties: 29%; N.C. 20%; U.S. 22%). The study counties also had a larger 
percentage of Blacks in the population (38%) than N.C. (22%) or the U.S. (12%).
Genotyping and Genetic Marker Coding
DNA was extracted from samples at the University of North Carolina Biospecimen 
Processing Facility, and the DNA was sent to the Institute of Behavioral Genetics at the 
University of Colorado, Boulder, for genotyping. Genotyping of 5-HTTLPR was performed 
as described in Whisman, Richardson, and Smolen (2011). The SNPs in DRD2 and BDNF 
were assayed using the Applied Biosystems (Foster City, CA) Open Array® System (a low 
volume Taqman® method) using reagents and protocols supplied by the company.
Measures
Victimization—Our victimization measure was based on the premise that peer 
victimization occurs within the context of social networks (Faris & Ennett, 2012).At each 
wave, participants identified up to five names of peers who were mean to them or had 
picked on them during the past 3 months. Participants then indicated whether each of the 
nominated peers had:(a) made fun of them or called them names to their face;(b) said bad 
things about them behind their back to get others not to be friends with them; or (c) 
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physically attacked them in any way (hitting, shoving, tripping).Victimization was coded 
such that a value of 1 indicated that participants had experienced at least one of the three 
indicators of victimization at a given time and 0 indicated that they had not. In the fall of 8th 
grade, 33% of participants reported any type of victimization. Reports of victimization 
decreased across grade levels, reaching a low in 12th grade when 15% of participants 
reported any victimization. The prevalence of peer victimization was somewhat lower than 
that in a national sample: Nansel, Overpeck, Pilla, et al.(2001) found that 41% of 8th 
graders, 36% of 9th graders, and 28% of 10th graders reported being bullied. However, the 
bullying measure used by Nansel and colleagues was more general (i.e., bullying was 
defined as a group of students saying or doing nasty or unpleasant things, or as repeated 
teasing). The Nansel et al. study also used a more open-ended time frame (i.e., ‘the current 
term’), whereas the current study emphasized victimization that had occurred within the past 
three months. The current findings were consistent with other findings that victimization 
peaked in early adolescence or middle school and decreased from there on (Pellegrini 2002; 
Pepler, Craig, Connolly, et al., 2006).
Depressive Symptoms—Five items from Angold, Costello, and Messer’s (1995) Short 
Mood and Feelings Questionnaire were used to assess feelings of depression in the 
longitudinal study. Validity of the Short Mood and Feelings Questionnaire (SMFQ) was 
established in a community sample of children and adolescents aged 8–16 (Thapar & 
McGuffin, 1998). The scale showed a sensitivity of .75 and a specificity of .74 with DSM-
III-R depression diagnosis when compared with other, related diagnoses. We selected five 
items from the SMFQ based on psychometric work with a sample of 500 adolescents in a 
pilot study. Participants were asked the extent to which they agreed or disagreed with the 
following statements as descriptors of how they had felt in the past three months: “I got mad 
easily,” “I was tired a lot,” “I hated myself,” “I was a bad person,” and “I did everything 
wrong.” Responses ranged from 0 (strongly disagree) to 4 (strongly agree). A mean of the 
five items was computed for each individual at each data collection point. As shown in 
Table 1, mean depressive scores remained relatively constant across grade levels, with a 
high of 1.54 (SD = 1.182) in the spring of grade 10 and a low of 1.39 (SD = 1.15) in the fall 
of grade 11. Alpha reliabilities ranged from .83 to .87 across the four waves. The depression 
scale was standardized (M = 0, SD = 1) for data analysis to facilitate the interpretation of 
regression coefficients.
Genetic Markers—To limit assumptions regarding allelic dominance, information on each 
of the two alleles of each marker was combined additively (i.e., scores reflect the proportion 
of alleles associated with elevated risk).
5-HTTLPR was genotyped following the strategy of Caspi et al. (2003). Individuals 
homozygous for short alleles were given a value of 1, those homozygous for long alleles 
were given a value of 0, and those with one short and one long allele were given a value of .
5. In all, 14% of the participants had two low activity alleles, 42% had one low activity 
allele, and 44% had no low activity alleles.
BDNF Val66Met was coded such that individuals homozygous for the Val allele were given 
a score of 1, those homozygous for the Met allele were given a score of 0, and heterozygotes 
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were given a score of .5. Higher values indicated higher activity. In all, 79% of participants 
had two Val alleles, 19% had one Val allele, and 2% had two Met alleles.
Individuals homozygous for DRD2 TaqIA A2 (high activity) alleles were scored 1 and those 
homozygous for low activity A1 alleles were scored 0. Heterozygous individuals were given 
a score of .5. In all, 9% of participants carried two low activity alleles, 38% carried one low 
activity alleles, and 53% carried two high activity alleles.
Results
Data Analysis Overview
To take advantage of the cohort sequential design of this study, grade-level of the adolescent 
was used as the primary metric for time rather than wave of assessment (Biesanz, Deeb-
Sossa, Papadakis, Bollen, & Curran, 2004).1 After the data were organized by grade, 3,263 
repeated measures were available for the eight discrete time points: grade 8 fall (n=305 
observations), grade 8 spring (n=282 observations), grade 9 fall (n=602 observations), grade 
9 spring (n=280 observations), grade 10 fall (n= 816 observations), grade 10 spring (n = 262 
observations), grade 11 fall (n=499 observations) and grade 12 fall (n=217 observations). 
More information was available for some grade levels because multiple cohorts passed 
through these developmental stages during the study (e.g., one cohort was assessed in the 
fall of 8th grade; three cohorts were assessed in the fall of 10th grade).
Preliminary Analyses
Ball, Arseneault, Taylor, Maughan, Caspi, and Moffitt (2008) found that childhood 
victimization was substantially heritable (73% of the variation in victimization was 
accounted for by genetic factors, in their analysis of twin data), and Beaver, Mancini, 
DeLisi, and Vaughn (2011) implicated 5-HTTLPR as a predictor of victimization. 
Therefore, to rule out gene-environment correlations as a confound, we first assessed the 
degree to which participant genotypes correlated with their reports of victimization (Plomin, 
DeFries, & Loehlin, 1977). To compute gene-environment correlations, victimization 
reports were averaged across all waves for each participant. Average self-reported 
victimization was not significantly correlated with any of the polymorphisms investigated 
(r=.05 for 5-HTTLPR, r=−.04 for Val66Met, and r=.03 for DRD2 TaqIA).
Figure 1 shows mean levels of depressive symptoms among individuals who reported 
experiencing victimization six months earlier, and among individuals who did not report 
experiencing victimization six months earlier, as a function of their genetic profiles 
(homozygous for the ‘risk’ allele, homozygous for the ‘non-risk’ allele, or heterozygous). In 
all cases, there was a clear trend toward higher mean levels of depressive symptoms among 
individuals who had experienced victimization six months earlier. There was no apparent 
effect of genotype on depressive symptoms for either 5-HTTLPR or for DRD2 TaqIA. 
However, individuals who were homozygous for the Val allele on the BDNF Val66Met 
marker appeared to have higher levels of depressive symptoms than individuals who were 
1Data were re-structured because grade level is a more meaningful metric of developmental context than wave in the study or age, 
especially when considering peer victimization. We first confirmed that there were no significant cohort effects.
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homozygous for the Met allele or who were heterozygous, but only when they were exposed 
to peer victimization six months earlier.
We used multilevel growth curve models to predict depressive symptoms from peer 
victimization that had occurred six months earlier, genetic information, and the interaction 
between the two. The main effect of lagged victimization and the three genetic markers were 
tested before testing the interaction between lagged victimization and the genetic markers. A 
random effect of victimization was included to test and account for individual heterogeneity 
in the effect of victimization on the development of depressive symptoms. Race/ethnicity 
and gender were included in the model, and interactions between these demographic 
variables and time were tested to determine whether change in depressive symptoms over 
time differed across demographic groups. We also tested for a cohort and cohort-by-age 
effect on depressive symptoms. These effects were not significant so were omitted from 
subsequent models.
SAS Proc Mixed (Version 9.3) was used to estimate all mixed models. Before adding 
predictors of interest, we established an unconditional growth model for change in 
depressive symptoms between eighth and twelfth grade. Grade was centered at eighth grade 
so that the intercept was interpretable as the average level of depressive symptoms for 
students in eighth grade (this value was zero because the depressive symptoms measure was 
standardized). There was no systematic increase or decrease in depressive symptoms with 
respect to grade (B=.00, SE = .02, p=.81, 95% CI [−.03,.04]). However, there were 
significant random effects for both the intercept and the slope for the grade effect. That is, 
there was variability in baseline levels of depressive symptoms (Var(B)=.66, SE=.07, p<.
001), and some individuals had systematically increasing depressive scores whereas others 
had systematically decreasing depressive scores (Var(B)=.02, SE=.01, p=.04).
No evidence of moderation of the victimization effect by gender or race/ethnicity was found. 
Males had significantly lower depressive scores than females(B = −.21, SE = .06, p< .01, 
95% CI[−.29, −.09]), and White people had significantly higher depressive scores than 
others (B = .15, SE = .06, p< .01, 95% CI[.04,.24]). Because the depressive symptom scale 
was standardized, these effects are interpretable as the standardized effect of being male or 
being White on expected depressive symptoms. All subsequent models built upon this 
baseline model.
Hypothesis 1: Peer victimization is related to higher levels of subsequent 
depressive symptoms, controlling for baseline depressive trajectories. There is 
substantial heterogeneity with respect to the magnitude of the effect of 
victimization on depressive symptoms.
Reports of victimization by peers six months earlier were included as predictors of 
depressive symptoms. Because the effects were estimated in the context of a growth model, 
underlying depressive trajectories were controlled for. Thus, estimated effects of lagged 
victimization represent time-varying perturbations from one’s pre-existing depressive 
trajectory that are due to victimization that occurred six months earlier. The lagged 
victimization scores were grand mean centered (Enders & Tofighi, 2007). Quadratic effects 
for victimization were tested and found to be non-significant. Victimization did not interact 
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with grade. Results are reported in the left-hand side of Tables 2, Tables 3, and 4 (they are 
repeated for ease of comparison with models that are described subsequently). The most 
substantively interesting parameter estimates have been bolded in all tables. The fixed effect 
of victimization on subsequent (standardized) depressive symptoms was significant and 
moderate. However, as predicted, there was substantial inter-individual heterogeneity with 
respect to the degree to which victimization was associated with subsequent depressive 
symptoms.
Hypothesis 2: Exposure to peer victimization will trigger subsequent 
depressive symptoms differently, depending on allelic polymorphisms in 5-
HTTPLPR, BDNF Val66Met, and DRD2 TaqIA. Adolescents with more short 
alleles on the 5-HTTPLPR polymorphism, those with more Val alleles on the 
Val66Met polymorphism, and those carrying more A2 alleles on the DRD2 
TaqIA polymorphism will be particularly vulnerable to developing higher 
levels of depressive symptoms following victimization experiences.
First, additive models containing only the main effects of each genetic marker were 
estimated. Results for the 5-HTTLPR models are shown in the center of Table 2, results for 
the BDNF Val66Met models are shown in the center of Table 3, and results for the DRD2 
TaqIA models are shown in the center of Table 4. Nested likelihood ratio tests were used for 
formal model comparisons (not shown); Bayesian Information Criterion and Akaike 
Information Criterion indices of fit are shown in the tables.
5-HTTLPR—The additive model fit the data better than the victimization-only or the 
interaction model. This suggests that inclusion of the 5-HTTLPR allele produced a 
significant benefit in the prediction of depressive symptoms. However, the main effect of 
genotype on depressive symptoms was not large enough to reach statistical significance. 
These results are consistent with the lack of an observable pattern in Figure 1.
BDNF Val66Met—The additive model provided a significantly better fit to the data than 
the victimization-only model, and the interactive model fit significantly better than the 
additive model or the victimization-only model. This finding is consistent with the pattern of 
results observable in Figure 1. The interaction of victimization and BDNF Val66Met was 
statistically significant, and this interaction remained significant after applying the False 
Discovery Rate correction for multiple comparisons (Thissen, Steinberg, & Kuang, 2002). 
As Figure 2 shows, there was little difference in the level of depressive symptoms between 
carriers of the MetMet, ValMet, and ValVal alleles when victimization had not occurred in 
the past six months. When victimization had occurred, however, the differences between 
these groups were striking. Carriers of two Val alleles (79% of the sample) tended to have 
much higher depressive symptom scores than heterozygotes or individuals homozygous for 
the Met allele. The simple intercepts and slopes for each genotype are as follows: 
individuals homozygous for the Val allele who had not experienced victimization had an 
expected standardized depressive symptom score of −.15. For these individuals, 
experiencing victimization was linked with .89 standard deviation (SD) more symptoms (the 
simple slope; a large effect; SE = .27, p = .001). Individuals with one Met allele and one Val 
allele had an expected standardized symptom score of −.06 when not exposed to 
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victimization, with .52 SD more expected symptoms following exposure to victimization (a 
moderate effect; SE= .13, p < .001). Finally, individuals who were homozygous for the Met 
allele had an expected standardized symptom score of .02 when not exposed to 
victimization, with an expected value of .14 SD more symptoms following exposure to 
victimization (a small effect; SE = .10, p= .15).
DRD2 TaqIA—As with 5-HTTLPR, the additive model containing genetic information fit 
the data significantly better than the victimization-only model, but the main effect of the 
DRD2 TaqIA marker was not significant. The additive model provided a better fit to the 
data than the interaction model. These results are consistent with the descriptive statistics 
shown in Figure 1.
Discussion
We expected that exposure to victimization would be prospectively associated with 
depressive symptoms six months later and that there would be substantial individual 
heterogeneity in the magnitude of the association between victimization and subsequent 
depressive symptoms. We also expected that peer victimization would trigger the 
differential expression of genetic polymorphisms in 5-HTTLPR, BDNF Val66Met, and 
DRD2 Taq IA to predict depressive symptoms. Like previous studies, we found that 
victimization did predict subsequent depressive symptoms beyond one’s baseline expected 
depressive trajectory, and some individuals are more sensitive to this exposure than others.
Contrary to our expectations, neither 5-HTTLPR polymorphism nor the DRD2 Taq IA 
polymorphism interacted significantly with exposure to peer victimization to trigger 
depressive symptoms. However, as expected, we found that the Val allele on BDNF 
Val66Met was related to greater depressive reactivity in response to peer victimization and 
the Met allele was associated with less reactivity.
Because peer victimization leads to different mental health outcomes for adolescents 
depending on their genetic make-up, victimization may be considered a contextual trigger 
for development of depressive symptoms for individual with susceptible 
genotypes(Shanahan & Hofer, 2005). Because most people are homozygous for the Val 
allele (e.g., 79% of participants were homozygous for the Val allele), and because the Met 
allele resulted in fewer depressive symptoms following the peer victimization, the Met allele 
is protective for adolescents who encounter peer victimization. This finding is supported by 
findings from an animal model in which mice whose BDNF functioning had been knocked 
out did not display aversion to social situations following social aggression, while mice with 
functioning BDNF genes did display aversion (Berton, McClung, DiLeone, et al., 2006).
The lack of an observed interaction between 5-HTTLPR and peer victimization differs from 
findings of Sugden et al (2010), who reported that children who were carriers of two short 
alleles on the 5-HTTLPR polymorphism and who were exposed to victimization were at 
greater risk for developing emotional problems in early adolescence. However, Sugden and 
colleagues used a younger sample, and it may be that developmental stage moderates the 
effect of this polymorphism. We consider this to be a possibility because a meta-analysis by 
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Uher and McGuffin (2010) found that adolescents were less sensitive to the 5-HTTLPR 
polymorphism than younger children, although this was only true for males. Nevertheless, a 
post-hoc analysis of our data failed to find a three-way interaction between gender, 
victimization, and the 5-HTTLPR polymorphism. Another explanation for the difference in 
study results may be the different operationalization of victimization. Sugden and colleagues 
conducted in-home interviews with children and characterized victimization as something 
that happened chronically; our measure of victimization assessed similar types of behaviors, 
but we relied on survey reports and did not measure or model persistent victimization. It 
may be that 5-HTTLPR is moderated only by the effect of chronic peer victimization.
Our 5-HTTLPR findings also contrast with those of Benjet and colleagues (2010), who 
found that females with two short alleles had higher concurrent depression scores when 
exposed to relational victimization than females with a long allele who were exposed to 
relational victimization. This suggests that the specific type or severity of victimization may 
play a role in triggering genetic heterogeneity of depressive symptoms following 
victimization experiences.
The finding that the DRD2 Taq IA allele did not significantly interact with the effect of 
victimization on subsequent depressive symptoms is not entirely surprising. There is some 
debate about whether the A1 allele or the A2 allele confers risk. Whereas some researchers 
have linked the lower activity allele (A1) with more environmental sensitivity (Belsky & 
Beaver, 2011), others have linked the higher activity allele (A2) with more sensitivity 
(Nikolova, Ferrell, Manuck, & Hariri, 2011). Our finding of no moderation suggests that 
both hypotheses may be correct-- there may be complex opposing pathways such that each 
allele provides some protection and some risk. Additionally, supporting literature shows that 
individuals with higher levels of reward sensitivity are at risk for depressive symptoms 
under chronic stress, whereas our measure of victimization did not specify level of 
chronicity.
Limitations and Future Directions
Although attrition was relatively low across study waves in the initial Context Linkages 
Study, a substantial proportion of participants did not provide biospecimens when we re-
contacted them several years later. Those who were re-contacted were less transient and of 
higher average socio-economic status, and the disproportionate exclusion of higher-risk 
individuals may have limited our power to detect significant effects due to restriction of 
range on victimization and depressive symptoms. However, attrition analysis showed that 
the individuals who were re-contacted reported higher rates of peer victimization, thereby 
increasing power to detect effects. Furthermore, we have no reason to think that the 
association between victimization and subsequent depressive symptoms would differ for 
those providing genetic data and those not providing genetic data, nor do we have reason to 
suspect that genetic markers would behave differently for these groups.
Heterogeneity in an adolescent’s response to peer victimization cannot be fully explained by 
a few genetic polymorphisms. We identified three genetic markers that are representative of 
a much more complex interplay among many polymorphisms (Plomin, Haworth, & Davis, 
2009). The practice of creating genetic composite scores has been shown to explain a higher 
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proportion of variance in phenotypes than the approach of relying on a single polymorphism 
for prediction (e.g., Nikolova et al., 2011; Stice, Yokum, Burger, Epstein, & Smolen, 2012).
2 Therefore, future research should identify multiple polymorphisms that are mechanistically 
involved in the mesolimbic dopamine pathway and determine whether multiple 
polymorphisms and the interactions among these polymorphisms more strongly predict 
reactivity to victimization than a single polymorphism alone.
Our findings indicate that the Val allele on BDNF Val66Met promotes depressive symptoms 
when triggered by victimization. One mechanism through which this may occur is by 
inducing an aversion to social settings (based on the animal models mentioned above). 
Future research should test the cognitive and emotional explanations for this genetic 
marker’s effects on depressive symptoms. Other studies have identified a subset of the 
cognitive and emotional characteristics that explain some of the heterogeneity in depressive 
reactivity to victimization. For instance, Rudolph, Troop-Gordon, and Granger (2011) found 
that victimization predicted higher levels of rumination and depressive symptoms in children 
with heightened cortisol activation, a physiological marker of the biological stress response. 
Cortisol levels and rumination following peer victimization may be endopheno types in the 
causal network leading from high BDNF functioning to depressive symptoms (in the 
presence of peer victimization).
Finally, because studies have identified different sequelae to different forms of victimization 
(e.g., physical versus relational; Sinclair, Cole, Duke wich, et al., 2012; Storch, Masla-
Warner, Crisp, & Klein, 2005), it would be beneficial for future studies to test genetic 
moderation of these forms of victimization separately.
Conclusion
Despite its limitations, this study has several strengths. Perhaps most important was that the 
data were collected longitudinally across an important developmental time span (Hankin, 
2012). The use of a longitudinal, cohort sequential design enabled us to measure the 
prospective association between peer victimization experiences and later depressive 
symptoms, while controlling for individual differences in baseline depressive trajectories.
We found significant heterogeneity in the degree to which individuals exposed to 
victimization experienced greater depressive symptoms. A portion of this heterogeneity was 
accounted for by variation in BDNF activity, with high levels of activity being associated 
with higher levels of sensitivity.
It is neither practical nor desirable to identify the adolescents most likely to be adversely 
affected by victimization on the basis of genetic markers. However, it would be beneficial to 
use the evidence from this study to inform research on mediating mechanisms that have 
implications for treatment for adolescents who experience heightened levels of depressive 
2We chose to examine the isolated effects of three candidate polymorphisms because we hypothesized a unique effect of each, and 
also because some allelic combinations would be too rare to study precisely in our study population (e.g., we did not wish to further 
divide the subset of individuals homozygous for the Met allele according to their genotypes on the DRD2 Taq1A or 5-HTTLPR 
polymorphisms).
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symptoms following peer victimization. Those who suffer from high levels of depressive 
symptoms after such experiences may benefit from interventions to attenuate the deleterious 
cognitive, emotional, and behavioral effects of the neural reorganization and dysregulation 
that arise throughout the brain reward system (which involves a high degree of signaling 
from BDNF) following exposure to social stressors. Specifically, individuals who appear to 
be particularly sensitive to peer victimization might be trained and encouraged to maintain 
pro-social friendship bonds to ameliorate the risk for depressive symptoms that occur with 
social isolation.
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Mean levels of depressive symptoms six months following experiences of victimization 
(black) or no victimization (grey), by genotype. Bars represent the upper-tail of the 95% 
confidence interval.
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Simple slopes for the effect of victimization on subsequent depressive symptoms. 79% of 
the sample had the high activity allelic combination, 19% had the medium activity allelic 
combination, and 2% of the sample had the low activity allelic combination.
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